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LAMINATED INDUCTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a laminated inductor and more particularly, the 
present invention relates to a laminated inductor for use as a noise filter or other 
component in, for example, various electronic circuits and apparatuses. 

2. Description of the Related Art 

Up to now, among such laminated inductors, an inductor in which a coil 50 is 
disposed inside of a laminated body by connecting spiral coil conductor patterns 51 and 
52 in regular order through via holes 53 as shown in Fig, 6 is known. The coil 50 is 
composed of the coil conductor patterns 51 and 52, each of which constitutes two turns, 
and the via holes 53. That is, the coil 50 is constructed such that the coil conductor 
pattern 51 extending in a spiral direction from the outside to the inside and the coil 
conductor pattern 52 extending in a spiral direction from the inside to the outside are 
alternately disposed. In this way, the conventional spiral coil conductor patterns 51 and 
52 have the same number of turns (two or more turns) and are alternately connected in 
series, and consequently, a high inductance was obtained in a small-sized inductor. 

However, in the laminated inductor using the conventional spiral coil conductor 
patterns, since the coil conductor patterns 51 and 52 having a multiple number of turns 
(two or more turns) are used, the inductance of each turn cannot be adjusted, and 
accordingly, there was a problem in that the center value of conductance of each turn 
cannot be matched to each other. 

Furthermore, in the conventional laminated inductor, when a necessary 
inductance caimot be obtained, such countermeasures as the use of coil conductor 
patterns having many turns, and the use of a material having a high permeability as a 
laminated body, were taken. However, when the number of turns is increased in the coil 
conductor patterns 51 and 52, it is necessary to reduce the pattern width of the coil 
conductor patterns 5 1 and 52. As a result, there was a problem in that the direct-current 
resistance of the coil 50 increases, Furthennore, when a material having a high 
permeability is used as a laminated body, the magnetic saturation occurs in the 
laminated inductor, and there was a problem in that the direct-current superposition 
characteristics deteriorate. 

In this way, since the number of ttims of the coil conductor pattern is restricted in 
the conventional laminated inductor, there was a problem in that the degree of freedom 



of design is low and that it is difficult to obtain the most appropriate characteristics, 

SUMMARY OF THE INVENTION 
In order to overcome the problems described above, preferred embodiments of 
the present invention provide a laminated inductor in which the degree of freedom of 
design is very high and the most appropriate characteristics can be easily obtained. 

A laminated inductor according to a preferred embodiment of the present 
invention includes a laminated body in which a plurality of spiral coil conductor 
patterns having at least one turn are stacked with insulation layers disposed 
therebetween. In the laminated inductor, the plurality of coil conductor patterns are 
electrically connected in series to define a coil, and the coil includes at least two kinds 
of the coil conductor patterns which have a different number of turns. 

The inductance of the coils disposed in the laminated body having the above- 
described unique construction varies in accordance with the total number of turns of the 
coil conductor patterns of at least two kinds having different numbers of turns. 
Therefore, when the coils include, for example, coil conductor patterns of one turn and 
coil conductor patterns of two turns, the inductance of the coils is adjusted in the unit of 
one turn by using the coil conductor pattern of one turn. On the other hand, a larger 
conductance can be obtained by using the coil conductor patterns of two turns. That is, 
the inductance of the coils can be easily made to reach a target value by combination of 
the spiral coil conductor patterns having different number of turns. At this time, since 
only a portion of the coil conductor patterns has a multiple number of turns, the coils 
have a low direct-current resistance. 

Furthermore, the pluraUty of coil conductor patterns are electrically connected in 
series through via holes provided either at a first location or at a second location of the 
insulation layers. If the coil conductor patterns are changed, since the via holes are 
disposed at the same locations, only a few punching dies for forming the via holes in the 
insulation layers are required. 

Furthermore, the coil conductor patterns having a greater number of turns are 
preferably arranged outside so as to sandwich the coil conductor patterns having a 
smaller number of turns in the lamination direction of the insulation layers. In the 
above-described unique construction, the number of turns in a coil conductor pattern 
becomes greater in the upper and lower surfaces than in the middle of the laminated 
body. Because of this, the distribution of direct-current resistance of the coil is low in 
the middle, and high in the upper and lower portions of the laminated body. Therefore, 
the amoxmt of heat generation increases in the upper and lower portions of the laminated 
body where the heat dissipation capacity is high, and the amount of heat generation is 
suppressed in the middle where the heat dissipation capacity is low. 



Furthermore, in contrast with this, when coil conductor patterns of a smaller 
number of turns are arranged outside, distortion caused when the insulation layers and 
coil conductor patterns are laminated and attached together by pressure can be reduced. 
Since the distortion at the attachment areas achieved by pressure is larger outside, the 
distortion can be decreased by disposing the coil conductor patterns of a smaller number 
of turns, in which distortion is not likely to occur, in the outer portions of the laminated 
body. In this manner, the efficiency of heat dissipation is increased and the distortion at 
the attachment areas achieved by pressure is decreased by arranging the coil conductor 
patterns in different ways. However, a trade-off between the efficiency of heat 
dissipation and the distortion, and consequently, these factors are determined according 
to specific appUcations and demands. 

Furthermore, the coil conductor patterns are preferably arranged in an ascending 
order starting with a coil conductor pattern having a smaller number of turns in the 
lamination direction of the insulation layers. In such a construction, distortion caused 
when the insulation layers and the coil conductor patterns are laminated and attached 
together by pressure is greatly decreased. 

Furthermore, a plurality of laminated portions, in each of which the coil 
conductor patterns are arranged in an ascending order starting with a coil conductor 
pattern having a smaller number of turns, are laminated in the lamination direction of 
the insulation layers. Because of the above-described unique construction, since the 
coil conductor patterns having a smaller number of turns are disposed to be substantially 
uniform between the coil conductor patterns having a multiple number of turns, 
distortion caused when the insulation layers and the coil conductor patterns are 
laminated and attached together by pressure is further reduced. 

Other features, elements, characteristics and advantages of the present invention 
will become more apparent from the following detailed description of preferred 
embodiments of the present invention with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an exploded perspective view showing the construction of a laminated 
inductor according to a first preferred embodiment of the present invention; 

Fig. 2 is a perspective view showing the appearance of the laminated inductor in 

Fig. 1; 

Fig. 3 is an exploded perspective view showing the construction of a laminated 
inductor according to a second preferred embodiment of the present invention; 

Fig. 4 is an exploded perspective view showing the construction of a laminated 
inductor according to a third preferred embodiment of the present invention; 

Fig. 5 is an exploded perspective view showing the construction of a laminated 



inductor according to a fourth preferred embodiment of the present invention; and 

Fig. 6 is a schematic illustration showing coil conductor patterns of a 
conventional laminated inductor. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Hereinafter, preferred embodiments of a laminated inductor according to the 
present invention are described with reference to the accompanying drawings. 

As shown in Fig. 1, a laminated inductor 10 according to the first preferred 
embodiment includes of ceramic sheets 21 on each of which a spiral coil conductor 
pattern 11 constituting one turn is provided, ceramic sheets 22 on each of which a spiral 
coil conductor pattern 12 constituting two turns is provided, and ceramic sheets 23 and 
24 on which lead-out conductor patterns 13 and 14 are provided, respectively. The 
ceramic sheets 21 to 24 are preferably formed such that a magnetic ceramic powder and 
a dielectric ceramic powder are mixed and kneaded together with a binder, and other 
suitable material, and are formed in sheets. 

The ceramic sheets 21 on each of which a spiral coil conductor pattern 11 of one 
turn is provided are laminated, and the ceramic sheets 22 on each of which a spiral coil 
conductor pattern 12 of two turns is provided are laminated on the top and bottom 
surfaces of the laminated ceramic sheets 21, respectively. The pattern width in the 
spiral coil conductor pattern 11 of one turn is preferably larger than that in the spiral coil 
conductor pattern 12 of two turns. Moreover, on the upper and lower surfaces of the 
laminated ceramic sheets, the ceramic sheets 23 and 24 on which the lead-out conductor 
patterns 13 and 14 are provided are laminated, respectively. That is, in such a direction 
that the ceramic sheets 21 to 24 are laminated, the coil conductor patterns 12 having a 
larger number of turns are disposed on the upper and lower surfaces of the coil 
conductor patterns 11 having a smaller number of ttims so as to sandwich the coil 
conductor patterns 1 1 having a smaller number of turns. 

At this time, when the pattern width in the coil conductor pattern 11 of one turn 
is represented by PI and the whole pattern width of the adjacent two patterns having a 
gap therebetween in the coil conductor pattern 12 of two turns is represented by P2, it is 
preferred that PI is substantially equal to P2, Furthermore, the coil conductor pattern 11 
and the coil conductor pattern 12 are arranged such that, when viewed from above, the 
coil conductor patterns 11 and 12 substantially lie one on top of another. 

Preferred embodiments of the present invention further improve miniaturization 
and stability of the electrical characteristics of the inductor 10. 

The coil conductor patterns 12 of two turns, the coil conductor patterns 11 of one 
turn, and the lead-out conductor patterns 13 and 14 are successively electtically 
connected in series through the via holes 15a and 16b which are formed in each of the 



ceramic sheets 21 to 23. In this way, the coil conductor patterns 11 and 12 constitute a 
coil 16 having a coil axis which is substantially parallel to the lamination direction of 
the ceramic sheets 21 to 24. 

Here, the via holes 15a and 15b are formed at fixed locations of the ceramic 
sheets 21 to 23. That is, the via holes 15a are formed at the inner location of the spiral 
patterns in the coil conductor patterns 11 and 12 (at the first location in the ceramic 
sheets 21 to 23). On the other hand, the via holes 15b are formed at the outer location 
of the spiral patterns in the coil conductor patterns 11 and 12 (at the second location in 
the ceramic sheets 21 to 22). Accordingly, the via holes 15a and 15b are disposed at the 
same location with reference to the coil conductor patterns 11 and 12, respectively, and, 
when the through-holes as via holes are formed in the ceramic sheets 21 to 23 by using 
punching dies, a few kinds of punching dies are enough and the manufacturing cost of 
the laminated inductor 10 is greatly reduced. 

As shown in Fig. 1, the ceramic sheets 21 to 24 are put one sheet on another in 
regular order and covering ceramic sheets (not illustrated) with no conductor patterns 
thereon are disposed on their top and bottom surfaces of the stack of ceramic sheets 21- 
24, and, after that, they are pressed and integrally fired to form a laminated body 20 as 
shown in Fig. 2. Terminal electrodes 1 and 2 are provided at both end portions of the 
laminated body 20. The terminal electrodes 1 and 2 are formed such that, after a 
conductive paste of Ag, Ag-Pd, Cu, Ni, etc., has been coated, it is baked, or it is further 
plated. The terminal electrode 1 is electrically connected to the lead-out conductor 
pattern 13, and the terminal electrode 2 is electrically connected to the lead-out 
conductor pattern 14. 

In the laminated inductor 10 having such a construction, the inductance of the 
coil 16 increases or decreases in accordance with the increase or decrease of the total 
number of ttims of the two coil conductors 11 and 12 in which the number of turns is 
different between them. Accordingly, the number of ttims of the coil 16 can be adjusted 
in the unit of one turn by adjusting the number of ceramic sheets in which the coil 
conductor pattern 11 of one ttxm is provided. That is, the inductance value of the coil 16 
can be roughly adjusted by adjusting the number of ceramic sheets 21 in which the coil 
conductor pattern 11 of one turn is provided. Therefore, it is also possible to construct a 
coil having an even number of turns or an odd number of turns. Then, in the present 
preferred embodiment, fine adjustment of the inductance value of the coil 16 is achieved 
by changing the shape of the lead-out conductor patterns 13 and 14 in the same way as 
before. However, the lead-out conductor patterns 13 and 14 do not correspond to a 
spiral coil conductor pattern of one or more turns which is described above. 

On the other hand, a higher inductance can be obtained by using the coil 
conductor pattern 12 of two turns. That is, the inductance of the coil 16 can be easily 



made to reach a target value by combination of the spiral coil conductor patterns 1 1 and 
12 having different numbers of turns. At this time, since only the coil conductor pattern 
12 has a multiple number of turns, an inductor 10 having a lower direct-current 
resistance can be obtained compared with the conventional laminated inductors in 
which all the coil conductor patterns have a multiple number of turns. 

Furthermore, in the laminated inductor 10, since the number of turns in the coil 
conductor patterns located in the upper and lower portions of the laminated body 20 is 
preferably larger than that in the coil conductor patterns located in the middle of the 
laminated body 20, the direct-current resistance of the coil 16 is sparsely distributed in 
the middle of the laminated body 20 and is densely distributed in the upper and lower 
portions. Accordingly, the amount of heat generation increases in the upper and lower 
portions of the laminated body 20 where the heat dissipation capacity is high, and the 
amount of heat generation is suppressed in the middle where the heat dissipation 
capacity is low. Thus, the efficiency of heat dissipation is increased in the inductor as a 
whole. 

The construction of a laminated inductor according to a second preferred 
embodiment of the present invention is shown in Fig. 3. In the laminated inductor 10a, 
a ceramic sheet 27 in which a spiral coil conductor pattern 17 of three turns is provided 
is used in addition to the ceramic sheet 21 provided with the spiral coil conductor 
pattern 11 of one turn and the ceramic sheet 22 provided with the spiral coil conductor 
pattern 12 of two turns in the laminated inductor 10 described with reference to Figs. 1 
and 2. That is, a laminated portion 18 is constructed such that the ceramic sheet 22 
provided with a coil conductor pattern 12 of two turns is put on the ceramic sheet 21 
provided with a coil conductor pattern 1 1 of one turn and that the ceramic sheet 27 
provided with a coil conductor pattern 17 of three turns is put on the ceramic sheet 22. 
Then, a plurality of laminated portions 18 are laminated. Moreover, in Fig. 3, common 
elements corresponding to those in Fig. 1 are designated by the same reference numerals. 

At this time, when the pattern width in the coil conductor pattern 1 1 of one ttim 
is represented by PI, the whole pattern width of the adjacent two patterns having a gap 
therebetween in the coil conductor pattern 12 of two turns is represented by P2, and the 
whole pattern width of the adjacent three patterns having two gaps therebetween in the 
coil conductor pattern 17 three ttims is represented by P3, PI is substantially equal to P2 
and P3. Furthermore, the coil conductor patterns 11, 12, and 17 are arranged such that, 
when viewed from above, the coil conductor patterns 11,12, and 17 substantially lie one 
on top of another. 

In order to further improve miniaturization and stability of the electrical 
characteristics of the inductor 10a, the coil conductor pattern 17 of three ttims, the coil 
conductor pattern 12 of two ttims, the coil conductor pattern 11 of one turn, and the 



lead-out conductor patterns 13 and 14 are successively electrically connected in series 
through the via holes 15a and 15b which are formed in each of the ceramic sheets 21 to 
23, and 27. In this way, the coil conductor patterns 11, 12, and 27 constitute a coil 16a 
having a coil axis which is substantially parallel to the lamination direction of the 
ceramic sheets 21 to 24, and 27, 

Here, the via holes 15a and 15b are formed at fixed locations of the ceramic 
sheets 21 to 23, and 27. That is, the via holes 15a are formed at the inner location of the 
spiral patterns in the coil conductor patterns 11, 12, and 17 (at a first location in the 
ceramic sheets 21 to 23, and 27). On the other hand, the via holes 15b are formed at the 
outer location of the spiral patterns in the coil conductor patterns 11, 12, and 17 (at a 
second location in the ceramic sheets 21 to 23, and 27), 

As shown in Fig. 3, the ceramic sheets 21 to 24, and 27 are put one sheet on 
another in regular order and covering ceramic sheets (not illustrated) having no 
conductor provided thereon are disposed on their top and bottom surfaces, and then, 
they are pressed and integrally fired to form a laminated body 20 as shown in Fig. 2. 
The terminal electrodes 1 and 2 are provided at both end portions of the laminated body 
20. The terminal electrode 1 is electrically connected to the lead-out conductor pattern 
13, and the terminal electrode 2 is electrically connected to the lead-out conductor 
pattern 14. 

In the laminated inductor 10a obtained in this way, the coil conductor patterns 1 1 
of a smaller number of turns are disposed so as to be substantially uniform between the 
conductor patterns 12 and 17 of a multiple number of ttims. Accordingly, distortion 
caused when the ceramic sheets 21 to 24, and 27 and the coil conductor patterns 11,12, 
and 17 are laminated and attached together by pressure is minimized. 

Generally, when a plurality of coil conductor patterns of a multiple number of 
turns are laminated, distortion caused by the attachment by pressure increases in this 
portion. This is because, since the pattern width becomes narrower in the coil conductor 
patterns of a multiple number of turns, distortion caused in the process of the lamination 
and attachment by pressure becomes larger due to a difference in level produced 
between the ceramic sheets and the coil conductor patterns. However, when the coil 
conductor patterns 11 of a smaller number of turns are disposed to be substantially 
uniform between the coil conductor patterns 12 and 17 of a multiple number of turns, 
since the coil conductor pattern 1 1 having a larger pattern width exist between the coil 
conductor patterns 12 and 17 having a smaller pattern width, distortion caused in the 
process of the lamination and attachment by pressure hardly occur. 

As a result, in the laminated inductor 10a, in addition to the effect produced in 
the laminated inductor 10 according to the first preferred embodiment, economies of 
mass production are achieved and stable electrical characteristics can be obtained. 



The construction of a laminated inductor according to a third preferred 
embodiment of the present invention is shown in Fig. 4. In the laminated inductor 10b, 
a ceramic sheet 27 in which a spiral coil conductor pattern 17 of three turns is provided 
is used in addition to the ceramic sheet 21 provided with a spiral coil conductor pattern 
1 1 of one turn and the ceramic sheet 22 provided with a spiral coil conductor pattern 12 
of two turns in the laminated inductor described with reference to Figs. 1 and 2. That is, 
the laminated inductor 10b is constructed such that a plurality of the ceramic sheets 22 
provided with a coil conductor pattern 12 of two ttims, which are laminated, are put on 
a plurality of the ceramic sheets 21 provided with a coil conductor pattern 1 1 of one ttim, 
which are laminated, and that a plurality of the ceramic sheets provided with a coil 
conductor pattern of three turns are further put on the ceramic sheets 22. Moreover, in 
Fig. 4, the portions corresponding to those in Fig. 1 are designated by the same 
reference numerals. 

In the laminated inductor 10b having the above-described unique construction, in 
addition to the effect produced by the laminated inductor 10 according to the first 
preferred embodiment, economies of mass production are achieved and stable electrical 
characteristics can be obtained. 

The construction of a laminated inductor according to a fourth preferred 
embodiment of the present invention is shown in Fig. 5. In the laminated inductor 10c, 
in such a direction that the ceramic sheets 21 to 24 are laminated, the coil conductor 
patterns 11 having a smaller number of ttims are disposed on the upper and lower 
surfaces of the coil conductor patterns 12 having a larger number of ttxms so as to 
sandwich the coil conductor patterns 12 having a larger number of ttims. Moreover, in 
Fig. 5, common elements corresponding to those in Fig. 1 are designated by the same 

reference numerals. 

In the laminated inductor 10c having the above-described unique construction, 
since the number of ttims of the coil conductor patterns located on the upper and lower 
portions of the laminated body is preferably smaller than that of the coil conductor 
patterns located in the middle of the laminated body, distortion caused when the ceramic 
sheets 21 to 24 are laminated and attached together by pressure is greatly reduced. That 
is, since outside distortion is larger than inside distortion, distortion caused by the 
attachment by pressure is reduced by disposing the coil conductor patterns 11 of a 
smaller number of turns, in which distortion is not likely to occur, in the outer portions 
of the laminated body 

The present invention is not limited to the specific preferred embodiments 
described above, and it will be understood that various modifications may be made 
within the true spirit and scope of the invention. For example, the number of turns of 
coil, the shape of coil conductor pattern, etc., can be changed in various ways in 



accordance with various specifications. 

Furthermore, the present invention can be applied to not only a laminated 
inductor, but also an inductor portion in lamination type LC composite devices, an 
inductor portion in lamination type LR composite devices, lamination type common- 
mode choke coils, and other suitable electronic apparatuses. Moreover, in the above- 
described preferred embodiments, an inductor in which the coil axis is substantially 
perpendicular to the mounting surface was taken as an example and described, but an 
inductor in which the coil axis is substantially parallel to the mounting surface may be 
used. 

Furthermore, in the above-described preferred embodiments, after the ceramic 
sheets on each of which a coil conductor pattern is provided have been laminated, they 
are integrally fired, but the way of production is not limited to this. The ceramic sheets 
which have been fired in advance may be used. Furthermore, the inductor may be 
produced by a method described below. After insulation layers have been formed by a 
method of printing or other suitable process, using a paste-like ceramic material, a coil 
conductor pattern is formed by coating a paste-like conductive material on the surface 
of the insulation layer. Next, an insulation layer containing the coil conductor pattern 
therein is made by coating a paste-like ceramic material on top of the coil conductor 
pattern. In the same way, electrical connection is made between the coil conductor 
patterns, and by repeating such a coating in regular order, an inductor having a 
laminated construction can be obtained. 

Next, actual examples of preferred embodiments of the present invention will be 
described. The target value of inductance to be obtained was set at about 22 ixH and 
four kinds of laminated inductors (Sample No. 1 to Sample No. 4) were produced by 
using spiral coil conductor patterns of one turn and of two turns, and they were 
evaluated. The result is shown in Table 1. In Samples 1 to 3, only coil conductor 
patterns of the same number of turns were used, and in Sample 4, coil conductor 
patterns of different numbers of ttims were combined. In Table 1, ceramic sheet 
material A is a ceramic material having a relatively low permeability, and ceramic sheet 
material B is a ceramic material having a relatively high permeability. In Table 1, the 
pattern width of the coil conductor patterns and the number of turns of the coils which 
were foniied on Sample No. 1 to No. 4 of four kinds, and the inductance values, the 
direct-current resistance values, and the allowable currents of the coils which were 
actually obtained, are shown. 
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As will be understood from Table 1, in Sample No. 1, the obtained inductance 
value does not reach the target value 22 ^H. On the contrary, in Sample No, 2 and Sample 
No. 3, the obtained inductance values practically reach the target value. However, the 
direct-current resistance is high in Sample No. 2, and the allowable current is low in 
Sample No. 3. On the other hand, the direct-current resistance and the allowable current 
in Sample No. 4 are more balanced. 

As clearly understood in the above description of specific examples of preferred 
embodiments of the present invention, according to the present invention, since the coil 
disposed inside of a laminated body includes at least two kinds of spiral coil conductor 
patterns having different numbers of turns, it is possible to arbitrarily adjust the number of 
turns of coil by combination of coil conductor patterns having different number of turns 
and a laminated inductor having a desired inductance can be easily obtained. 

Furthermore, it is possible to reduce kinds of punching dies for forming via holes 
such that via holes are provided either at a first location or at a second location of 
insulation layers, and, as a result, the manufacturing cost of a laminated inductor can be 
reduced. 

Furthermore, the distribution of direct-current resistance of a coil becomes low in 
the middle portion of a laminated body and becomes high on the upper and lower portions 
of the laminated body such that the coil conductor patterns having a larger number of turns 
are disposed outside so as to sandwich the coil conductor patterns having a smaller 
number of turns in the laminated direction of the insulation layers. Accordingly, the 
amount of heat generation can be increased in the upper and lower portions of the 
laminated body where the efficiency of heat dissipation is high, and, as a result, a highly 
reliable laminated inductor in which the efficiency of heat dissipation is high can be 
obtained. 

Furthermore, in contrast with this, when coil conductor patterns having a smaller 
number of turns are disposed outside, distortion caused when the coil conductor patterns 
and the insulation layers are laminated and attached together by pressure can be reduced. 
Since the distortion when attached by pressure is larger outside than inside, the distortion 
at the attachment by pressure can be reduced by disposing the coil conductor patterns 
having a smaller number of turns, which are likely to cause distortion, outside. In this way, 
by changing the location of coil conductor patterns, the efficiency of heat dissipation is 
greatly increased and distortion caused by the attachment by pressure is minimized. 

Furthermore, distortion caused when the coil conductor patterns and the insulation 
layers are laminated and attached by pressure is reduced such that the coil conductor 
patterns are disposed in regular order starting with a coil conductor pattern having a 
smaller number of turns in the laminated direction of insulation layers. 
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Furthermore, coil conductor patterns having a smaller number of turns can be 
disposed to be substantially uniform between coil conductor patterns having a multiple 
number of turns such that a plurality of laminated portions, in each of which coil 
conductor patterns are disposed in regular order starting with a coil conductor pattern of a 
smaller number of turns, are laminated. Therefore, distortion caused when the insulation 
layers and the coil conductor patterns are laminated and attached together by pressure can 
be further reduced, and economies of mass production are achieved and stable electrical 
characteristics can be obtained. 

While preferred embodiments of the invention have been described above, it is to 
be understood that variations and modifications will be apparent to those skilled in the art 
without departing the scope and spirit of the invention. The scope of the invention, 
therefore, is to be determined solely by the following claims. 



